Abstract
17
Besides the age of the water mass and other physical constraints, biological remineralization 18 and respiration processes consume O 2 below the highly productive surface waters and
19
contribute therefore to the development and maintenance of OMZ waters (Walsh, 1981, 20 Quinones et al., 2010). The intensity of the OMZ may therefore be determined by a positive 21 feedback, with increased primary production leading to enhanced organic matter export back ocean. An important factor is further that deoxygenation of OMZs has been proposed to 6 increase the production of the greenhouse gas nitrous oxide (N 2 O) (Codispoti, 2010).
7
Therefore, understanding the present biogeochemistry of those systems and exploring the 8 potential to respond to climate change is critical.
9
The following review of the major biogeochemical processes in OMZ waters is based on 2 Primary production in the ETSP and ETNA
18
In eastern boundary upwelling systems, phytoplankton blooms are stimulated by nutrient 19 supply from upwelled waters and provide the basis for vibrant ecological systems. Both, the 20 ETNA and the ETSP, are major sites of primary production (Longhurst, 1995) ; with the
21
ETNA exceeding primary production of the ETSP by a factor of ~2 depending on the applied 22 method (see Table 1 for an overview of major primary production-related parameters). This production in the coastal upwelling was driven by large-sized phytoplankton (e.g. diatoms) 6 with generally low N:P ratios (<16:1), thus speaking for non-Redfield surface water primary 7 production. A deep chlorophyll a maximum consisting of nano-(Synechococcus, flagellates) 8 and microphytoplankton occurred within a pronounced thermocline in subsurface waters excess P generated within the OMZ seemed to be rather consumed by non-Redfield processes, 18 i.e. primary production by large phytoplankton found in shelf surface waters, instead of natural selection should tend to produce organisms optimally adapted to their environment.
22
The competitive advantage of diazotrophs is most pronounced under conditions of low Redfield primary production due to changes in N:P, a general stimulating effect of DOP on N 2 
17
fixation has been observed (Meyer et al., 2015) . This is in line with a recent modeling study 
24
Besides a direct effects of N:P ratios, primary production and N 2 fixation, due to the 
31
In both areas, N 2 fixation may however be considered important for the productivity of the 1 respective system. Still, given the previously described observations of non-Redfield primary 2 production, the contribution to C fixation remains to be fully established. mostly determined by physical transport, the rate of N loss depends on the activity of the 10 bacteria responsible for denitrification and anammox as well as the POC export and sinking
11
velocity.
12
The intensity of this feedback may be overestimated in current biogeochemical models, owing However, it has been suggested that sulfate reduction is more widespread in OMZ waters than 17 previously believed and could be responsible for substantial NH 4 + production (Canfield et al., 
19
Direct evidence for the actual link between sulfate reduction and NH 4 + production is, 20 however, still missing. Table 1 ).
26
Only few studies have addressed upper ocean export fluxes and mesopelagic flux attenuation Classically, the most abundant organisms detected in OMZs belong to the Proteobacteria, are not repackaged, fed upon, or destroyed, they might sink at greater speeds through the 4 OMZ, which would result in decreased degradation.
5
Zooplankton and nekton organisms are essential components of the biological pump as they 6 egest packaged organic matter as rapidly sinking fecal pellets. Many zooplankton and nekton 7 species also feed in surface waters during the night and migrate to midwater depth at daybreak 8 to avoid predation (Lampert, 1989) , and to conserve energy (McLaren, 1963) . This behavior 9 is known as diel vertical migration (DVM) and also contributes to the activity of the 'viral shunt', the model showed a reduced transfer of organic material to higher trophic levels, 31 which was interpreted to stabilize primary production. Quantitatively, net primary production 
12
Since DMS is produced by phytoplankton in the euphotic zone, an accumulation of DMS in other measurements and has to be taken into consideration for future studies.
29
A coupling via the proposed primary production chain may indeed act in OMZs associated to 30 upwelling systems (an overview of major processes in the ETNA and ETSP is depicted in Fig.   31 7 combination, is still largely unknown.
22
Ocean warming, acidification and deoxygenation occur globally and simultaneously, 23 although with distinct regional differences. Through increased stratification and decreased 24 nutrient supply to the surface layer, ocean warming is expected to decrease the biological 25 production in the already stratified low to mid latitudes.
26
While research on ocean warming is relatively advanced, far less is known about the impacts 27 of ocean acidification and deoxygenation on marine organisms and ecosystems. Because the synergistic effect is that of ocean acidification narrowing the thermal tolerance window of 33 some organisms, amplifying the impact of warming (Pörtner and Farrell, 2008) . However, 34 we consider interactions among stressors in marine communities largely understudied. and their impacts on local to global scales.
8
Future studies in the framework of the SFB 754 will therefore combine measurements of scientists. We thank A. Dale for discussion of the benthic perspective of the manuscript.
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